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Peculiarities of the dynamics of indices of the
age-related transformations of bone metabolism in oral fluid
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The work aimed to establish the patterns of changes of bone tissue metabolism markers in the oral fluid of
children and adult patients. There were examined 136 practically healthy individuals aged 6 to 89 years
and the following groups have been formed: primary school age patients (group 1, 6-10 years, n = 16),
adolescents (group 2, 11-17 years, n = 17), juvenile age patients (group 3, 18-24 years, n = 25), young
adults (group 4, 25-44 years old, n = 21), middle-aged adults (group 5, 45-59 years old, n = 22), elderly
adults (group 6, 60-74 years old, n = 19) and senile patients (group 7, 75-89 years old, n = 16). Oral fluid
was obtained using a non-stimulatory method, and biochemical indices were determined in accordance
with standardised laboratory techniques, following the ethical principles of conducting scientific medical
research involving human participants. It has been established that periods of particular risk are primary
school and middle age. In primary school-age children and adolescents, the physiological processes of bone
growth and remodelling prevail. Between the ages of 6 and 10, these processes are accompanied by a 33%
increase in ionised calcium content and a 41% increase in acid phosphatase activity, reflecting controlled
bone resorption during teething. In middle-aged patients, a significant imbalance of bone metabolism
transformation indexes (activation of acid and alkaline phosphatases by 31 and 32%, respectively) is a
trigger for rapid progression of inflammatory and destructive periodontal processes in the subsequent age
periods, and the lack of proper dispensary observation by a dentist can lead to tooth loss. It is important
that at the age of 45-59, calcium homeostasis is significantly influenced by the pH of oral fluid. A strong
inverse correlation has been established between the content of ionised calcium and the pH of oral fluid
in middle-aged patients (v = -0.79), while in other age groups this correlation was moderate (r = -0.49 —
-0.65). The obtained data justify the need to monitor the indexes of calcium and phosphate metabolism of
oral fluid at different age periods and the advantages of an age-oriented approach to the prevention and
personalised planning of dental treatment.

Key words: oral fluid; age-related changes, bone remodeling; calcium homeostasis; markers of bone
metabolism; alkaline phosphatase, acid phosphatase; mineral metabolism,; periodontitis.

INTRODUCTION

The maintenance of mineral homeostasis within
the oral cavity is a key factor in sustaining
the structural-functional integrity of enamel,
the condition of hard and soft tissues, as well
as the resistance of teeth to the caries and
periodontal diseases. The balance of calcium
(both total and ionised), the activity of enzymes
of the calcium-phosphorus exchange, which
determine the intensity of demineralisation and
remineralisation processes, are of a particular
importance in this process [1, 2]. The age-
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related changes observed in these indices reflect
physiological processes and possible com-
pensatory reactions of the oral cavity organs.
Oral fluid, regarded as a universal diagnostic
medium, is sensitive to the age-related metabolic
changes in the body. During the ageing process,
the concentration of minerals changes, as well as
the enzymatic activity and protein composition
of saliva, affecting its buffering properties,
protective potential and oral microbiome [3].
Calcium homeostasis is one of the key regulatory
mechanisms that ensure the structural integrity
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and functional stability of oral tissues. Calcium
plays a crucial role in the mineralisation of hard
tooth components, thereby maintaining the
physiological state of the alveolar process/part,
as well as in regulating the secretory activity of
the salivary glands and the oral fluid protective
properties. lonised calcium, as the active form of
the mineral, plays a pivotal role in the formation
of pellicle, enamel mineralisation and biofilm
dynamics, while total calcium reflects the total
mineral reserve of oral fluid [2, 4]. A calcium
imbalance is associated with the development
of caries, non-carious lesions of hard tooth
tissues, periodontal diseases, and a decrease in
the reparative potential of the oral mucosa [5,
6]. The activity of alkaline phosphatase (ALP)
and acid phosphatase (ACP) enzymes regu-
lates phosphate metabolism and hard tissue
remodelling; increases in the activity of these
enzymes in specific age groups may signal the
activation of bone metabolism processes and the
restructuring of periodontal structures. With age,
there are some changes in the concentration of
oral fluid proteins, affecting calcium transport,
the stability of calcium-phosphate complexes,
and the functioning of local defence mechanisms
[1, 7].

Despite the significant number of studies
devoted to the biochemical characteristics
of oral fluid/saliva, the issue of age-related
peculiarities of calcium homeostasis in the
oral cavity has not been studied systematically
enough. Concurrently, modern dental science
and practice are more likely to encounter the
pathological processes that have already been
diagnosed; while there is no basis for early
monitoring of indices of age-related changes in
the oral fluid bone metabolism, which would
allow the detection of pathological processes
in the dentoalveolar system even before the
appearance of clinical and radiological signs.
The relevance of the issue is reinforced by the
necessity to develop the age-oriented preventive
measures, to understand the mechanisms of
increased cariogenicity or susceptibility to
periodontal diseases, as well as osteoporosis of
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the alveolar process/part at different ages.

The objective of this study is to identify
patterns of changes in markers of bone tissue
metabolism in the oral fluid of children and
adult patients.

METHODS

The study involved 136 patients aged 6 to 89 years
without general somatic and dental pathologies,
who considered themselves to be practically
healthy. According to the classification system
of age categories (WHO, 2015), the following
groups were formed: primary school age patients
(group 1, aged 6-10 years, n = 16), adolescents
(group 2, aged 11-17 years old, n = 17), juvenile
age patients (group 3, aged 18-24 years old, n=25),
young adults (group 4, aged 25-44 years old,
n = 21), middle-aged adults (group 5, aged 45-
59 years old, n = 22), elderly patients (group 6,
aged 60-74 years old, n = 19) and senile patients
(group 7, aged 75-89 years old, n = 16). An
objective dental examination was performed
using a standard set of instruments at the
clinic of the Dental Centre of Ivano-Frankivsk
National Medical University (IFNMU). The
examinations were conducted with the informed
consent of patients for clinical research, which
was approved by the IFNMU Ethics Committee
(Protocol No. 125/22, dated March 25, 2022).
The study was performed in compliance with
the World Medical Association’s Declaration
of Helsinki on Ethical Principles for Medical
Research Involving Human Subjects (1964-
2013) and Order Ne 690 of the Ministry of
Health of Ukraine dated September 23, 2009
(as amended by Order of the Ministry of Health
of Ukraine Ne 523 dated July 12, 2012). Oral
fluid was obtained by spitting into sterile test
tubes in the morning, on an empty stomach,
without stimulation of salivation, prior cleaning
or rinsing of the oral cavity. The peculiarities
of bone remodelling were characterised by the
following factors: the concentration of total
and ionised calcium [8], the activity of ALP
and ACP [9], the content of total protein in oral
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fluid [10], and the acid-base balance index [11].
The biochemical studies were performed at the
Centre for Bioelementology, which is part of
the IFNMU.

The statistical processing of the results
was performed using Microsoft Office 365
ProPlus Excel with the application of variational
statistics methods using Student’s t-test. The
normality of the distribution of the obtained
data was checked using Shapiro-Wilk’s W test.
As all indices complied with the law of normal
distribution, an interval (M + m) was used for
the description of the central tendency (typical
values). The difference between the studied
indices was considered to be of significance at
a value of P < 0.05. The strength and direction
of the relationship between the indices was
assessed using the Pearson parametric correlation
coefficient (r) by means of correlation analysis
method.
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RESULTS AND DISCUSSION

In the oral fluid of the examined patients in group
1 (primary school age), calcium metabolism and
bone remodelling markers reflected age-related
peculiarities of intensive growth and bone
tissue formation. An increase in ionised calcium
levels and ACP activity relative to the reference
values was a characteristic feature of children
in this age group (Fig. 1A, B). The increase in
these indices reflects the intensive remodelling
of the bone structures of the alveolar process/
part associated with the physiological eruption
of permanent teeth during the period of mixed
dentition. The data obtained are consistent with
the physiologically determined processes of
growth of the maxillofacial apparatus and active
bone remodelling in childhood, which includes
both resorption and bone formation aimed at
ensuring the harmonious development of the
dentofacial system [12, 13].
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Fig. 1. Age-related changes in the content of total and ionized calcium (A), the activity of acid and alkaline phosphatases (B),
total protein content (C), and pH (D) in oral fluid of children (M + m): 1 — primary school age (6-10 years), 2 — adolescents

(11-17 years); *P < 0.05 — compared to group 1
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In patients of the group 2 (adolescent
age), the studied indices remained relatively
stable, indicating a gradual transition from
predominantly anabolic processes in childhood
to more balanced bone remodelling process. The
absence of significant fluctuations in calcium
concentration and phosphatase activity reflects
the adaptation of regulatory mechanisms to
hormonal and metabolic changes characteristic
of puberty. Such peculiarities can be considered
as a physiological restructuring of the mineral
metabolism system preceding adolescence. At
the same time, in the examined primary school
children, the content of ionised calcium and
the activity of ACP in oral fluid exceeded the
values in adolescents at 32.67 and 41.25%,
respectively (P, , < 0.05), which may be due
to the age-related peculiarities of the period of
mixed dentition (see Fig. 1A, B). Such changes
are a reflection of the intensive processes of
mineralisation and physiological remodelling of
the alveolar process/part. It is important that the
level of ionised calcium and the activity of bone
metabolism enzymes (particularly ACP) play a
significant role in the formation of orthognathic
occlusion, harmonious development of the
maxillofacial complex and articulatory apparatus
[14]. The adequacy of these indices in early
school age creates favourable conditions for
the correct eruption of permanent teeth, the
formation of occlusal relationships, and the
functional maturity of the speech apparatus in
further ontogenesis. The level of total protein
in the oral fluid of the examined of the first
and second groups did not reliably change
and remained within the normal range (see
Fig. 1C). The same tendency was found when
comparing the indices of the groups 3 and 4
(juvenile and young age, respectively) (see
Figs. 1; 2). Therefore, it can be claimed that the
transition from adolescence to adulthood is not
accompanied by significant changes in calcium
concentrations or enzyme activity in oral fluid
that regulate mineral metabolism. Calcium
metabolism in this age group is relatively stable.

In patients of group 5 (middle age), the
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concentration of total and ionised calcium
did not differ significantly from the values
observed in groups 3 and 4. Concurrently, ALP
activity increased at 31.55%, ACP at 31.31%
(P, < 0.05), and the total protein content in
oral fluid demonstrated a 52.54% increase
(P55 < 0.05) in comparison to the values
of similar indices observed in juvenile age
patients. Such peculiarities are indicative of a
compensatory response to age-related changes
in the oral cavity, when enzyme systems are
activated earlier than a noticeable shift in the
concentration of essential minerals occurs.
The body detects the onset of destructive and
reparative processes in tissues, as confirmed by
an increase in ALP and ACP, but successfully
compensates for calcium loss, preventing its
probable changes in the oral fluid. An increase
in total protein content is the primary sign of
the onset of age-related changes in the structure
and function of the salivary glands, leading to
hyposalivation and increased inflammatory
processes in the periodontal tissues [15-17].

In the oral fluid of the examined in the group
6 (elderly patients), the total calcium content
increased 2.11-fold (P, ( <0.01) in comparison
with the values observed in the group 3, while
the changes in ionised calcium proved to be non-
significant. This dynamic was determined against
the background of an increase in ALP and ACP
activity at 61.94 and 68.60%, respectively (P, ,
<0.01) compared to the values in the examined
juvenile age patients. At the same time, the levels
of total and ionised calcium in the oral fluid of
patients in group 6 exceeded the values in group
4 at 60.00 and 42.31%, respectively (P, , <
0.01) against the background of ALP and ACP
activation at 65.22 and 80.82%, respectively (P,
¢ < 0.01). The total protein content in the oral
fluid of elderly patients exceeded the values in
adolescents and young people 2.10-fold (P, , <
0.01) and at 57.76% (P, < 0.01), respectively;
but these values did not undergo significant
changes when compared to the values in middle-
aged people. It can be assumed that there is a
gradual depletion of compensatory mechanisms
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and a predominance of destructive processes
in tissues, resulting in a significant release of
calcium into oral fluid and the progression of
tissue demineralisation and resorption processes.
Osteoporosis is a condition that typically
progresses intensively in old age, particularly after
the age of 60. Bone tissue (especially the alveolar
process/part) undergoes accelerated resorption,
releasing significant quantities of minerals into
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the blood and subsequently into the oral fluid.
Against the background of a decrease in the
protective function of saliva and the accumulation
of dental plaque (due to inadequate hygiene), the
demineralisation of dental tissues accelerates,
which further increases the calcium content in
oral fluid [18].

Ionised calcium is a biologically active
form of crucial importance for physiological
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Fig. 2. Age-related changes in the content of total and ionized calcium (A), the activity of acid and alkaline phosphatases (B),
total protein content (C), and pH (D) in oral fluid of adult patients (M = m): 3 — juvenile age patients (1824 years), 4 — young
adults (25-44 years), 5 — middle-aged adults (45-59 years), 6 — elderly adults (60-74 years), 7 — senile (75-89 years); reliable
differences; *P < 0.05, **P < 0.01, ***P < 0.001 — compared to group 3; °P < 0.05, **P < 0.01, ***P < 0.001 — compared to group

4,24 P <0.05 — compared to group 5
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processes in cells. Under physiological con-
ditions, its reference values are maintained
within narrow limits. A significant increase
in the index values indicates the strain on
compensatory mechanisms. An excess of
calcium intake results in the body’s inability to
bind and excrete it, which leads to an increase
in the level of the active, ionised form [19].
The activation of oral fluid phosphatases in
patients in group 6 confirms that this is the age
at which destructive processes reach their peak.
Excessive activation of ALP may be a reaction
to the increased bone remodelling (an attempt at
repair against the background of osteoporosis)
and progressive periodontitis, while ACP reflects
high osteoclast activity and the progression of
destructive processes in periodontal tissues.
The development of the above-mentioned age-
related changes causes chronic inflammation,
gland atrophy and leads to an increase in protein
content in oral fluid [20-22].

The absence of reliable differences between
the studied indices in groups 5 and 6 indicates
that fundamental pathogenetic processes (the
onset of bone resorption, enzyme activation)
begin to progress from middle to old age. We
tend to believe that the onset of the highest
level of bone resorption in old age is due to the
processes that began at the age of 45-59.

In the oral fluid of patients in group 7
(senile), the content of total and ionised calcium
exceeded the values in group 3 at 79.12 and
36.67% (P,_, < 0.05), the activity of ALP and
ACP increased at 87.70 (P, , < 0.001) and at
54.50% P, , < 0.01) (Fig. 2A, B). The same
tendency was observed in group 4 (the content
of ionised calcium increased at 57.69%,
P,,<0.01, ALP and ACP activity increased at
91.50%, P, ,<0.001 and at 65.70%, P, , <0.01,
respectively). However, these differences in total
calcium were not significant. In comparison with
the values of the group 5, only ALP activation
was determined (at 42.68%, P, ; < 0.05), while
the differences between the values of calcium
metabolism indices in the examined from groups
6 and 7 were not found to be significant. At the
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same time, in senile patients, the total protein
content in oral fluid exceeded the values in
juvenile age patients 2.47-fold (P, , < 0.001)
young adults — at 85.49% (P, , < 0.001) and
middle-aged adults — at 62.00% (P, < 0.05).
Such dynamics may characterise the culmination
of age-related pathological processes in senile
age due to the depletion of compensatory
mechanisms in the body. The maintenance of the
concentration of ionised calcium in the oral fluid
within the narrow limits of the examined patients
from groups 3-6, can be achieved through the
buffer systems and its binding to proteins.
Under physiological conditions, this property
is depleted exclusively among individuals over
the age of 75. An increase in the total protein
content in oral fluid and atrophy of the salivary
glands lead to hyposalivation and changes in the
composition of saliva. These processes impair
the ability of proteins to effectively bind calcium
ions, resulting in a progressive increase in its
active form. The maximum activation of oral
fluid phosphatases is a marker of the highest
activity of remodelling processes, accompanied
by intense tissue destruction. In the senile age,
diseases such as chronic periodontitis and
osteoporosis are in their late stages, requiring
a constant but often ineffective reparative
response from the body (increase in ALP) in
response to large-scale bone resorption and
inflammation (activation of ACP).

Attracts attention that the acid-base balance
of oral fluid shift towards acidity in primary
school, middle-aged, elderly and senile age,
which contributes to the demineralisation
of hard tooth tissues (see Figs. 1; 2D). The
study revealed a robust inverse correlation
(r=-0.79) between ionised calcium content and
oral fluid pH in the middle-aged patients. It can
be argued that a decrease in the acidity of oral
fluid significantly affects the increase in calcium
content in patients of this age group, which may
reflect the age-related peculiarities inherent
in the regulation of the mineral composition
and buffer properties of saliva. In patients
of other age groups, the correlation between
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calcium content and oral fluid pH was moderate
(inverse, moderate strength, r = -0.49 to -0.65).
Discrepancies in the strength of the relationship
between mineral metabolism indices and acid-
base balance in different groups may be due to
both physiological and metabolic changes that
occur in the body at different ages, including
hormonal profile, eating habits, and general
somatic condition.

The results of the study characterise the
potential of oral fluid mineral indices (calcium
content and pH value) as biomarkers of the
risk of developing dental pathologies such
as caries, periodontitis and hyposalivation,
as well as the indices of age-related systemic
metabolic disorders. It is vital to take into
account the age-related peculiarities of the
mineral composition of oral fluid in order
to achieve a more accurate risk assessment,
which,in turn, opens up prospects for early
diagnosis and individualisation of preventive
and therapeutic measures. In general, changes in
the mineral composition and acid-base balance
of the oral fluid in different age groups can
serve as informative markers of both local dental
processes and general somatic disorders, which
justifies their use in clinical-diagnostic practice.

Consequently, a distinct age-related dynamic
of calcium homeostasis indices and bone
remodelling markers in oral fluid has been
determined. In children of primary school and
adolescent age (6-17 years old), physiological
processes of bone tissue growth and remodelling
prevail, which at the age of 6-11 years are
accompanied by an increase in the content of
ionised calcium and ACP activity, reflecting
controlled bone resorption during tooth eruption.
These changes occur under conditions of
preserved mineral balance and show no signs of
pathological destructive processes. In juvenile
age and young adulthood, calcium metabolism
indices attain adult reference values, reflecting
state of equilibrium between the processes of
bone formation and resorption. The age group
deemed to be at risk consists of middle-aged
patients, as they experience increased activity of

98

bone remodelling enzymes against a background
of preserved calcium homeostasis, reflecting
the activation of compensatory mechanisms
in response to initial changes in oral tissues.
In elderly and senile age patients, there is a
progressive disorder of mineral metabolism with
excessive activation of ALP and ACP, an increase
in calcium content, reflecting the depletion of
the body’s compensatory capabilities and the
predominance of destructive and inflammatory
processes in the periodontal tissues. The
dental status of patients in these groups is
determined by the degree of preservation of the
physiological processes of bone metabolism in
previous age periods.

CONCLUSIONS

Age-related changes in oral bone metabolism
have their own peculiarities, which are deter-
mined by hormonal and metabolic profiles.
Periods of particular risk are: primary school age —
changes at this time can cause abnormalities in
the dentition and speech apparatus (increased
levels of ionised calcium and ACP activity),
middle age — the most rapid imbalance in bone
metabolism transformation indices triggers the
rapid progression of inflammatory-destructive
processes in the periodontium. Furthermore,
the lack of proper dispensary observation by a
dentist can lead to tooth loss. The pH of oral fluid
has a significant impact on bone remodelling
processes, particularly in individuals aged 45-59.
The data obtained substantiate the importance of
monitoring the indices of calcium and phosphate
metabolism in oral fluid at different age periods
as potential age-oriented biomarkers of caries,
periodontitis and mineral metabolism disorders
within bone tissue.

The authors of this study confirm that the research
and publication of the results were not associated
with any conflicts regarding commercial or financial
relations, relations with organizations and/or
individuals who may have been related to the study,
and interrelations of co-authors of the article.
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OCOBJHUBOCTI JTMHAMIKM THINKA-
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PIIMHA

lsano-Dpanxiscoruil HayionanbHU MeOUdHULL
yuisepcumem, e-mail: obarabash@jifnmu.edu.ua

Meta Hamoi poOOTH — BCTAaHOBUTH 3aKOHOMIPHOCTI 3MiH
MapKepiB MeTa00IIi3My KICTKOBOI TKAHWHH POTOBOI PiTUHU
nitedt 1 qopocnux namieHTtiB. O0cTeskeHo 136 mpakTHYHO
310pOBHUX 0Ci0 BikoM Bim 6 1o 89 pokiB i chopMOBaHO
TaKi TPymH: MOJIOMINI MKiTbHUK BiK (1-1mma, 6 — 10 pokis,
n=16), migiTkoBuii (2-ra, 11 — 17 pokiB, n = 17), FOHAIBKUIA
(3-14, 18 — 24 poxu, n = 25), mononwuii (4-ta, 25 — 44 poku,
n = 21), cepenniii (5-ta, 45 — 59 pokis, n = 22), mOXMIHIA
(6-ta, 60 — 74 poku, n = 19) i crapeunii (7-ma, 75 — 89 pokiB,
n = 16) Bik. PoToBy pimuHy OoTprMyBain 0€3CTUMYIISAIHHIM
METOIOM, 010XIMIYHI IMOKa3HUKKM BH3HAYAIM BIAMOBIIHO [0
CTaH/apTU30BAHUX J1AOOPATOPHHUX METOIHK. BcTaHoBIICHO,
10 MepiojaMu OCOOIMBOTO PU3UKY € MOJIOIIINH IIKITBHUH 1
cepeHii BiK. Y JiTei MOJOIIOTO MIKIIBHOTO Ta IMiTIITKOBOTO
BiKy IepeBakaid ()i3i010Ti4HI IIPOIIECH POCTY Ta epedy10BU
KiCTKOBOI TKaHHMHH, 5IKi y Billi 6—10 pOKiB CyIpOBOKYBaJIHCS
IiIBUIICHHSIM BMICTY i0Hi30BaHOTO KaibwLito (Ha 33 %) Ta
aKTHBHOCTI kucioi Qocdarazan (Ha 41 %), mo BimoOpakae
KOHTPOJIbOBaHY Pe30pOLil0 KICTKU MiJ Yac Mpopi3yBaHHS
3y0iB. Y MAIi€HTIB CEpeIHBOTO BIKY CYyTTEBHUIl nucbOanmaHc
MOKA3HUKIB TpaHcPopMalliii KicTKOBOTO MeTabomi3My
(T IBUILEHHS aKTHBHOCTI KHCIO1 Ta y)HO1 pocdaras Ha 31
Ta 32 % BIANOBIIHO) € TPUTEPOM MIBUAKOTO IIPOTPECYBAHHS
3aMaIbHO-IeCTPYKTHBHUX IIPOIECIB MAPOJAOHTA y HACTYITHUX
BIKOBHX Mepiosiax, a BIACYTHICTH HAJIEXHOTO AUCIIAHCEPHOTO
CIIOCTEPEIKEHHS y JTIKaps-CTOMATOIOTa MOXKE IIPH3BOJIUTH JI0
BTpaTu 3y0iB. BaxkimBo, 1m0 y Birti 45—59 pokiB Ha KabLi€BHI
roMeocTa3 CyTTeBO BIHBae pH poToBoi piuHK. Y CTaHOBIECHO
CHIIbHHIA, 3BOPOTHHI KOPEIALIHHUN B3a€MO3B’SI30K BMICTY
10HI30BaHOTO KaJbIlil0 Ta 3HauYeHHS pH poToBOi piauHU Y
TMAIE€HTIB cepeTHbOTro BiKy (r =-0,79), Tomi 5K B 1HIINX BiKO-
BUX T'pyIax Takuii 3B 5130k OyB cepennpoi cuwn (r = -0,49 —
-0,65). OTpumaHi pe3yabTaTi OOTPYHTOBYIOTh HEOOX1THICT
MOHITOPHHTY IIOKa3HHKIB KaJIbIi€BOTO i hochaTHOTO 0OMIHY
POTOBOI PiIMHU Yy pi3Hi BIKOBI Epioy Ta IepeBary miIxomy,
OpIEHTOBAHOTO HA BiK JI0 MPOQITAKTHKY 1 IEPCOHATI30BAHOTO
IUIAaHyBaHHS CTOMATOJIOTIYHOTO JTiKyBaHHS.

KitouoBi cioBa: poToBa pifnHa; BiKOBi 3MiHHU; KiCTKOBE
PEMOJICTIOBAHHS; KAIIBIIEBUI TOMEOCTa3; MapKepH KiCTKO-
BOTO MeTabomisMy; Jry:)kHa (ocdaraza; kucna pocdaraza;
MiHepalbHUI MeTab0IIi3M; TapOJTOHTHT.
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